Six patients with severe chronic renal failure and hypertension were evaluated before and again 1 and 4 months following bilateral nephrectomy while being maintained with regular hemodialysis. Hemodynamic function and body composition were measured by isotope dilution with each study. The mean femoral artery blood pressure (B.P.) of 142 mm Hg fell to 136 mm Hg (P, NS) at 1 month and to 120 mm Hg at 4 months (P < 0.005). This was mainly reflected in a drop in mean diastolic pressure of 13 mm Hg at 4 months (P < 0.025). Total peripheral resistance tended to decrease, whereas, cardiac index was unchanged. Four months after nephrectomy, however, ability to raise both cardiac output and mean B.P. with standardized exercise had increased (P < 0.005).
tionship to the state of salt and water balance in the individual patient is unclear. In addition, the development of hypertension in experimental animals surgically devoid of renal tissue (renoprival hypertension) further complicates establishing a precise definition of the kidney's role in producing hypertension.4 c It has been suggested that bilateral nephrectomy will result in amelioration of the hypertension of end-stage chronic renal failure.6' 7 It has also been demonstrated that in the anephric state there is a direct relationship between plasma volume and the height of the arterial blood pressure.8 In an earlier report, however, involving a small number of patients, we were unable to document a direct relationship between blood pressure and plasma volume. 9 In addition, during the III  II  II   III  III  III   5  5  6 14 3 8 * The Keith-Wagener-Barker classification.'0 month of follow-up, it was not clear from our data, that mean blood pressure had been decreased significantly after nephrectomy. This report extends these observations and attempts to correlate the hemodynamic status of the patient with alterations in body composition after bilateral nephrectomy.
Methods
Six hypertensive patients (ages, 16 to 38 years) with chronic renal failure requiring periodic hemodialysis for maintenance of life were studied. These patients were candidates for bilateral nephrectomy in preparation for renal homotransplantation and all individuals had a 24hour urine output of less than 100 ml. The severity of hypertension was judged by funduscopic changes'0 and are shown in table 1, along with pertinent clinical data. All patients were hypertensive for 3 years or more, and each had evidence of cardiomegaly by chest roentgenograms and of left ventricular hypertrophy by electrocardiogram. The patients had been maintained by hemodialysis for more than 3 months (range, 3 to 14 months). Each had anemia with hematocrit levels of 21 to 28%.
All medications were withdrawn at least 7 days prior to study, and the patients were observed on a metabolic ward. Diet was maintained constant throughout the study period and included: 3 g of NaCl; 2.2 g of K+; 60 g of protein; more than 2,200 calories. Fluid was restricted to 600 to 700 ml per day. Reclining and upright blood pressures were measured four times per day. None of the patients had peripheral edema or clinical evidence of congestive heart failure.
The protocol proceeded as follows: On day 1, the patient was admitted to the hospital and baseline chemical values were determined. On day 2, hemodialysis was performed with a twin-coil artificial kidney for 63y hours using a Scribner-type arteriovenous shunt."
Three hours after completion of hemodialysis the patient was weighed and body composition measured. These studies spanned the next 48 hours.
A multiple tracer-dilution technic with isotopes Na82Br, 42KC1, 24NaCI, tritiated water (THO), and Evans blue dye (T1824) was used to measure total body water (TBW), extracellular fluid (ECF), total exchangeable potassium (K), total exchangeable chloride (Cl), total exchangeable sodium (Nae), and plasma volume (PV). [12] [13] [14] [15] [16] [17] Normal values for these constituents and for body fat or body cell mass as well as various ratios of these values were taken from the predicted normals using the weight, age, and sex dependent regressions of Moore and associates. 17 Separation of the ionic radioactive tracers was achieved by chemical precipitation of potassium as cobalt nitrite and separation of the remaining 82Br and 24Na was accomplished by differential decay. '2 The morning after completion of the body composition studies, the patients were weighed in the fasting state and blood was drawn for chemical determinations. A no. 18 Cournand needle was placed in the femoral artery to measure arterial blood pressure. A polyethylene catheter was inserted through an antecubital vein for measurement of central venous pressure (CVP) and for dye injection. The resultant right atrial or CVP was monitored with a strain gauge. A physioscope and a oscillowriter were used for signal display and recording. Cardiac output (CO) was determined from indocyanine green dye-dilution curves with a densitometer and analog cardiac output computer. CO was evaluated from groups of three or more outputs done in rapid succession with the average mean taken as the true value.' 18 19 Circulation, Volume XL, September 1969 Base-line values of blood pressure, CO, pulse rate, and CVP were taken after the patient had rested quietly for more than 1 hour and was felt to be in a stable resting condition.
The recumbent patient then rapidly lifted and lowered a 7 pound cylinder from the chest for 3 minutes. Sequential cardiac outputs and blood pressures were measured immediately after this exercise.
The following week, the patient underwent bilateral nephrectomy. One month after operation, the entire composition and hemodynamic study was repeated, the patient having been hospitalized throughout this time and maintained on tri-weekly hemodialysis.
The patient was then discharged from the hospital and treated as an outpatient with regular dialysis three times per week, either at home or in the hospital according to his usual management. Four months after bilateral nephrectomy, each individual was readmitted to the hospital, and the entire composition and hemodynamic study was repeated for a third time.
Results
Blood chemical values determined just prior to hemodynamic measurements are shown in table 2.
To determine whether a significant difference was present in resting blood pressures recorded on the ward and those measured from the femoral artery during the hemodynamic study (a potentially stressful situation), we recorded all morning and evening values obtained on the ward for 3 days prior to the study. Cuff blood pressures were converted to mean levels by the following formula: mean pressure= diastolic pressure +0.37 x pulse pressure. The 0.37 factor was derived from analysis of the electrical mean versus the recorded systolic and diastolic pressures obtained in each of these patients. This factor then would convert the observed femoral arterial systolic and diastolic pressures to the electrical mean in this specified group of patients. A comparison of each of the 18 paired values (six patients with three studies each) by paired testing revealed t = 0.316, which was statistically insignificant. Accordingly, the resting femoral arterial pressures obtained during each hemodynamic study are felt to be representative of the patient's usual pressure under normal conditions. A graphic summary of these data is presented in figure 1 . Individual, resting, mean femoral artery blood pressures measured by cannulation and strain gauge are plotted versus the corresponding resting, mean arm pressures measured on the ward with a sphygmomanometer. There is close correlation.
The data obtained during the hemodynamic study are shown in table 3. A distinct fall in mean arterial blood pressure was found when comparing study period C (4 months after nephrectomy) with study period A (con-trol). This difference was highly significant (P<0.003) and a summary of the average arterial pressure versus time is seen in figure 2 . It is of interest that the mean blood pressure 1 month after nephrectomy was slightly but not significantly lowered. A major component in the lowered blood pressure in the late period was the 13.3 mm Hg drop in diastolic pressure (P < 0.05) and to a lesser extent the decline in systolic pressure. Total peripheral resistance, although decreased in both periods B and C) 79 and 88%, respectively, of the control (100%) in period A, was not found to be significant in this small group of patients (P < 0.2) and the response was variable.
A summary of the response to exercise is shown in figure 3 . At all times patients were able to increase with exercise their CO above the control 100% value (P always < 0.1). Cardiac outputs with exercise rose sequentially from 131 to 138% and then to 146% during the final study period.
There was also a progressive increase in ability to raise mean arterial blood pressure rable 3 Hemodynamic Data with exercise with the highest average value being 126% in the last postnephrectomy period. In contrast, total peripheral resistance was decreased with exercise to values of 82%, 75%, and 93% in each of the three respective periods.
Resting cardiac output in individual patients often changed considerably, although on the average, the changes were small in the control period versus the one 4 months later; however, CO increased to 136% +9 SEM* (P = 0.08) in period B. This rise in CO, coupled with a decrease of only 6.5 mm Hg in the mean arterial pressure accounts for the decrease of total peripheral resistance to 79% in this postoperative period. No explanation is apparent for the variable changes in resting CO.
The body composition results are summarized in tables 4 and 5 and were calculated according to Moore and associates.17 Intracellular K+ concentrations (K,/ICW) averaged 152, 150, and 146 mEq/L for periods A through C, respectively (normal, 150 7).
The overall summaries ( fig. 4) show an average net weight gain of 2.8 kg between periods A and C. Averages of the internal measurement of body composition showed that a 2.6-kg gain in fat accounts for the majority of this. There were, however, losses The hemodynamic response to exercise is presented with 100% equaling each subject's resting control value. There is a progressive increase in mean ability to raise cardiac output during exercise. In the first two study states this is accomplished with vasodilation and with little change in mean blood pressure; whereas, 4 months after nephrectomy increased cardiac output results in a significant increase in pressure rather than a decrease in total peripheral resistance. of 0.3 L of plasma and of 0.6 L of extracellular fluid and no apparent change in body cell mass. This leads to an anticipated change in weight of +2.0 kg which is in good agreement with the value observed ( fig. 4A ). Further consistencies are seen in that the intracellular fluid had a net change of -0.4 L while total TBW changed -0.1 L both of which are in good agreement with the unchanged body cell mass and secondly with the summation of all involved compartments (fig. 4B ). In addition, the decrease in Na0 of 86 mEq or 3% of its exchangeable mass would correspond to an extracellular fluid volume of about 0.6 L, whereas, the 106 mEq of chloride lost should account for about a 1 L decrease in ECF. Thus, in summary, the overall changes produced by nephrectomy appear to be a weight gain which is predominantly in fat. There is no apparent change in nonfat body tissues, but there is a minimal decrease in both *Standard error of the mean. There is reasonable consistency in the various changes in the body compartments studied. The overall weight change is documented as resulting from gain in fat, no change in body ceU mass (muscle and viscera), and a small loss of extracellular fluid volume.
Note: A, B, and C do not refer to study periods but to areas of the figure.
PV and ECF. None of these changes correlated directly with the change in blood pressure.
Discussion
From our data it is apparent that the hypertension found in patients with end-stage chronic renal failure will moderately ameliorate with surgical removal of the kidneys. It is also clear that this effect may not be immediately apparent. The fall in blood pressure resulting from nephrectomy is not directly related to any specific change in body composition and, therefore, not necessarily effected by a major decrease in ECF, Nae, or plasma volume. These findings would imply that the removal of renal tissue in some way negates the effects of whatever pressor substance the damaged kidney may elaborate and that furthermore this effect is not totally dependent on the state of hydration. In the light of the fact that normal man does not develop hypertension on removal of renal mass,20 if fluid balance is well controlled, it seems likely that production of a hypertensive substance by the diseased kidney is the major factor in the hypertension of chronic renal failure. Our findings would mediate strongly against the lack of production of a renal vasodepressor substance2' from the diseased kidney being responsible for the hypertension of chronic renal failure since one would then expect little change in blood pressure with nephrectomy (or an increase in pressure). They do not, however, rule out the possibility that blood pressure may be further elevated by a combination of an absence of renal vasodepressor substance and the production of a vasopressor material. That such a relationship may exist is suggested by the return of blood pressure to normal following successful renal transplantation (without significant change in total body weight) in an individual who had previously been hypertensive and who had one or both diseased kidneys left in situ22 (Hampers, C. L., and Merrill, J. P., unpublished observations). These observations may indicate that a blood pressure-lowering material elaborated by a well-functioning kidney is only called into play in the presence of a renal vasopressor material or in the face of arterial hypertension per se.
It is also noteworthy that mean blood pressure is little affected by removal of renal tissue within the first few weeks of surgery. This finding has been reported previously9 23 and is confirmed in these studies. It is speculated from the measurements of body composition that these individuals had not completely recovered from the stress of surgery at the end of 1 month. The data demonstrated an increase in extracellular fluid and a decrease in intracellular water, despite the fact that body weight and plasma volume were unchanged from prenephrectomy values.
The reason for the lack of immediate fall in mean arterial pressure following nephrectomy is not clear. It may be related to a state of, "extracellular overhydration," as indicated by the change in distribution of fluid from one body compartment to another.
In some patients with long-standing hypertension secondary to unilateral renal arterial disease, a condition accompanied by production of a vasopressor material,24 the fall in blood pressure after nephrectomy or arterial reconstruction may be dramatic and thus demonstrate immediate reversibility of hypertension. 25 On the other hand, in other patients, a fall in blood pressure may become apparent only after some months.26 In these instances, as in our patients, it is possible that the factor( s) produced by the kidney which initiated the hypertension is no longer necessary to sustain it. This may represent a "resetting" of baroreceptors as suggested by the work of McCubbin and associates,27 and may require considerable time for readjustment.28 Although in lower animals, the "readjustment" of the receptors is usually rapid,27 the situation in man may be different.
The body composition data indicate that the patients who were maintained with regular hemodialysis have moderately increased extracellular fluid and exchangeable sodium and chloride.
Exchangeable potassium was somewhat lower than predicted for normals on the basis of age and body weight and would imply a decrease in lean body mass, a finding which is not unexpected in these chronically ill patients. It is unlikely that these individuals are potassium depleted in the absolute sense of having a lower than normal intracellular potassium concentration. This is borne out by the normal values for intracellular potassium calculated from our data. All of the patients in our study were maintained with regular dialysis for some time prior to nephrectomy and were not suffering from any condition known to cause potassium wasting. In addition, over the 5-month period during which we followed them, there was little change in exchangeable potassium or calculated lean Circulation, Volume XL, September 1969 body mass. This would indicate a stable state of body nutrition, albeit a somewhat less efficient state than normal.
It is interesting that, as might have been predicted from data obtained on normal patients undergoing surgery,'7 these individuals showed a significant increase in extracellular fluid at the expense of intracellular water immediately after bilateral nephrectomy. The edema (increased extracellular fluid) was likely mediated through surgical trauma, and the catabolism of fat and protein can be considered a normal response to surgery. '7 In the late postnephrectomy period, body composition returned to its preoperative status. The redistribution of fluid from intracellular to extracellular compartments was corrected and the patients demonstrated a small weight gain.
In summary, we conclude that bilateral nephrectomy has a beneficial effect on the hypertension of chronic renal failure but that this effect may not be immediately apparent. The fall in blood pressure appears to be independent of marked changes in body composition including extracellular fluid and exchangeable sodium and chloride and to correlate only roughly with a fall in plasma volume.
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